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Summary
Objective: Magnetic resonance imaging (MRI) has greater sensitivity to detect osteoarthritis (OA) damage than radiographs but it is uncertain
which MRI ﬁndings in early OA are clinically important. We examined MRI abnormalities detected in knees without radiographic OA and their
association with incident knee symptoms.
Method: Participants from the Multicenter Osteoarthritis Study (MOST) without frequent knee symptoms (FKS) at baseline were eligible if they
also lacked radiographic features of OA at baseline. At 15 months, knees that developed FKS were deﬁned as cases while control knees were
drawn from those that remained without FKS. Baseline MRIs were scored at each subregion for cartilage lesions (CARTs); osteophytes (OST);
bone marrow lesions (BML) and cysts. We compared cases and controls using marginal logistic regression models, adjusting for age, gender,
race, body mass index (BMI), previous injury and clinic site.
Results: 36 case knees and 128 control knees were analyzed. MRI damage was common in both cases and controls. The presence of
a severe CART (P¼ 0.03), BML (P¼ 0.02) or OST (P¼ 0.02) in the whole knee joint was more common in cases while subchondral cysts
did not differ signiﬁcantly between cases and controls (P> 0.1). Case status at 15 months was predicted by baseline damage at only two
locations; a BML in the lateral patella (P¼ 0.047) and at the tibial subspinous subregions (P¼ 0.01).
Conclusion: In knees without signiﬁcant symptoms or radiographic features of OA, MRI lesions of OA in only a few speciﬁc locations preceded
onset of clinical symptoms and suggest that changes in bone play a role in the early development of knee pain. Conﬁrmation of these ﬁndings
in other prospective studies of knee OA is warranted.
ª 2009 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
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Osteoarthritis (OA) is the leading cause of physical disability
in the US1 accounting for an estimated $7 billion in lost pro-
ductive time per annum in the US. In longitudinal studies,
the onset of knee pain is associated with a marked and
persistent reduction in function2. However, there is only
a modest correlation between clinical features and struc-
tural changes of knee OA as measured by radiographs3e5*Address correspondence and reprint requests to: M. K. Javaid,
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323and change in symptoms is poorly predicted by baseline
radiographic features6.
Magnetic resonance imaging (MRI) has a greater sensi-
tivity than radiographs to detect bone and soft tissue
changes which are considered features of OA7,8. In early
knee OA, before the appearance of radiographic features,
MRI ﬁndings of structural abnormalities may provide clues
to the subsequent course of disease. Identifying the struc-
tural characteristics that are prognostic would aid decision
making for both the individual and treating physician as
well as highlighting potential pathological mechanisms for
the research community.
Bone marrow lesions (BMLs) are, in some cohorts, asso-
ciated with clinical outcomes. Felson et al. have previously
reported that in persons with knee OA or at risk of knee OA,
an increase in size of BMLs seen on knee MRI is related to
324 M. K. Javaid et al.: Pre-radiographic MRI ﬁndings associated with onset of knee symptomsthe contemporaneous onset of knee pain9. Our objective
was to determine, in radiographically normal knees without
signiﬁcant knee pain, whether MRI ﬁndings are predictive of
incident knee symptoms 15 months later.MethodsSTUDY DESIGN AND SUBJECTSFig. 1. Schematic diagram to illustrate the subregions scored for
BMLs and subchondral cysts using WORMS. Legend: M¼medial;
L¼ lateral; a¼ anterior; c¼ central; p¼ posterior. 1The TS region is
only scored for BMLs and subchondral bone cysts and not OST
nor CARTs.The Multicenter Osteoarthritis Study (MOST) is a prospective epidemio-
logic study of adults, aged 50e79 years, in which the goal is to identify
risk factors for incident knee OA and progressive knee OA. Details of the
study design and methods have been reported previously9. Study subjects
either had knee OA or were at high risk of developing the disease. Factors
considered to contribute to a high risk of knee OA included being overweight
(deﬁned as having a body weight higher than the median weight for each
age- and sex-speciﬁc group based on the data from the Framingham OA
Study10), a prior knee injury that made it difﬁcult to walk for at least 1
week, previous knee surgery or having frequent knee symptoms (FKS) with-
out radiographic OA. Those weighing more than 350 pounds were excluded
as they would be unable ﬁt in the extremity MRI scanner. Subjects in MOST
were recruited from two communities in the US, Birmingham, Alabama and
Iowa City, Iowa, through mass mailing of letters and study brochures, supple-
mented by media and community outreach campaigns. Each center also re-
cruited ethnic minorities according to their representation in the recruitment
population. Subjects were excluded if they screened positive for rheumatoid
arthritis11, had ankylosing spondylitis, psoriatic arthritis, reactive arthritis,
experienced problems with the kidneys that resulted in the need for hemo-
or peritoneal dialysis, a history of cancer (except for non-melanoma skin can-
cer), undergone bilateral knee replacement surgery, were unable to walk
without the help of another person or walker, or were planning to move out
of the area in the subsequent 3 years.
The study protocol was approved by the institutional review boards at the
University of Iowa, University of Alabama, Birmingham, University of Califor-
nia, San Francisco, and Boston University Medical Center.
The participants from this study were a subset of those selected for
a nested caseecontrol study of the onset of FKS at the 15-month follow-
up exam. Details of this study have been published elsewhere9,12 and are
brieﬂy described here. At baseline, all study subjects were asked about
FKS as follows: ‘‘During the past 30 days, have you had pain, aching, or stiff-
ness in your knee on most days?’’ This question was posed to subjects both
by phone interview and during a clinic visit 1 month thereafter. If the subject
answered no regarding the presence of pain, aching, or stiffness in the knee
at both time points at baseline, that knee was considered eligible for the
nested caseecontrol study. At 15 months’ follow-up, this same question
regarding knee pain was posed to subjects, again both in a phone interview
and at a clinic visit. This question was intended to identify pain, aching, or
stiffness ‘‘on most days,’’ and because the two time points were, on average,
1 month apart, we characterized a positive response at both time points as
consistent FKS. Knees with consistent frequent symptoms at follow-up
were considered to be case knees. For the nested caseecontrol study,
knees from the same source population as cases but without consistent
frequent symptoms at the 15-month follow-up were randomly selected as
controls, in a ratio of two per case knee. Those knees that had frequent
symptoms at one but not the both follow-up assessments were eligible to
be controls. Both case and control knees were also required to have an
acceptable MRI at baseline.
At the baseline clinic examination, subjects were weighed (without shoes)
on a balance-beam scale to determine the body mass index (BMI) computed
as weight (kg)/height squared (m2). Subjects completed the Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC)13, for each knee
at both the baseline and 15-month visits.
Radiographic assessment
At baseline, all subjects underwent weight-bearing, posteroanterior (PA)
ﬁxed-ﬂexion radiography, using the protocol by Peterfy14 and a Plexiglass po-
sitioning frame (SynaFlexer, TM) and weight-bearing lateral radiographs us-
ing the Framingham Study protocol15. A musculoskeletal radiologist (PA)
and a rheumatologist (DF) experienced in reading study ﬁlms and who
were blinded to both the case/control status and clinical data, graded all of
the PA radiographs for radiographic features of tibio-femoral OA and the
lateral ﬁlms for radiographic features of patello-femoral (PFJ) OA using the
published osteoarthritis research society international (OARSI) atlas16. The
lateral view was also assessed for tibio-femoral joint space narrowing
(JSN) and anterior and posterior tibio-femoral osteophytes15.
MRI
MRIs were obtained with a 1.0 T dedicated MR system (OrthOne; ONI
Medical Systems, Wilmington, MA) with a circumferential extremity coil. AllMRIs were performed using fat suppressed, fast spin-echo, proton density-
weighted sequences in two planes, the sagittal plane (repetition time [TR]
4800 ms, time to echo [TE] 35 ms, slice thickness 3 mm, interslice gap
0 mm, ﬁeld of view [FOV] 14 cm 14 cm, matrix 288 192 pixels, number
of excitations [NEX] 2) and the axial plane (TR 4700 ms, TE 13.2 ms, slice
thickness 3 mm, interslice gap 0 mm, FOV 14 cm 14 cm, matrix
288 192 pixels, NEX 2), and a STIR sequence in the coronal plane (TR
7820 ms, TE 14 ms, inversion time 100 ms, slice thickness 3 mm, interslice
gap 0 mm, FOV 14 cm 14 cm, matrix 256 256 pixels, NEX 2).
Two musculoskeletal radiologists (AG and FR), who were blinded to the
caseecontrol status and clinical data, semi-quantitatively assessed the
MRIs for evidence of CARTs, osteophytes (OST), BMLs, subchondral cysts
and cruciate ligament damage according to the Whole-Organ MRI Score
(WORMS)17. Both, the tibio-femoral and the PFJ compartments were evalu-
ated. Scores were applied in subregions deﬁned by the WORMS method for
the following features: CART (0¼ no damage, 1¼ signal change, 2¼ focal
partial thickness, 3¼multi-focal partial thickness with <75% region,
4¼multifocal partial thickness >75% region, 5¼ full thickness <75% region,
6¼ full thickness >75% region), OST (0¼ none, 1¼ equivocal, 2e3¼ small,
4e7¼moderate/large), BMLs (0e3) and subchondral cysts (0e3) in each
subregion of the knee and cruciate ligament damage (Fig. 1/Table I). For
BMLs and subchondral cysts a score of 1¼<25% of region, 2¼ 25e50%
and 3 50% of the region (Fig. 2). The weighted kappa coefﬁcients of in-
ter-reader reliability for the readings were 0.51 for OST (comparing 0e7
scores in each subregion); 0.78 (0.76e0.81) for cartilage (comparing 0e6
scores in each subregion); 0.62 (0.57e0.68) for BMLs (comparing 0e3
scores in each subregion) and 0.63 (0.57e0.69) for bone attrition. As a carti-
lage grade of 1 represents a signal abnormality and not a morphological
change, we combined grades 0 and 1.
As there is no consensus on the deﬁnition of a mild, moderate or severe
MRI feature, using clinical judgment, each subregion were categorized as
any and severe for cartilage (any >1, severe¼ 5e6); OST (any >0, se-
vere¼ 4e7); BMLs and subchondral cysts (any >0, severe¼ 2e3) (Table I).DATA ANALYSISFor the present study, we analyzed a subset of knees from the nested
caseecontrol study of frequent symptom onset, selecting only those that
had no baseline radiographic OA, deﬁned as grade 0 using the OARSI atlas
for all the radiographic features (OST, JSN, cysts and sclerosis) in the tradi-
tional PA projection for the tibio-femoral joint (TFJ) and in the lateral projec-
tion for the PFJ.
We compared the presence of feature damage in each compartment
using clustered logistic models. We then compared frequent symptom on-
set case and control knees for (1) the presence of a baseline MRI ﬁnding
of each type, and (2) the presence of a severe baseline MRI ﬁnding of
each type (see Table I for deﬁnitions). These comparisons were made
for MRI ﬁndings of articular damage in the whole knee and in each com-
partment, medial tibio-femoral (MTFJ), lateral tibio-femoral (LTFJ) and
PFJ. We also examined whether MRI ﬁndings were more or less common
in speciﬁc subregions of cases compared to controls. For example, we
determined whether the presence of CART in the medial subregion of
the PFJ differed between cases and controls. Thirteen participants
Table I
Definitions of ANYand severe feature scores fromWORMS used to
derive worsening (1 change) and severe changes at each
subregion
Pathologic features Scale range Subregions ANY Severe
CART 0e6 T, F, Pt >1 5
OST 0e7 T, F, Pt >0 4
BML 0e3 T, F, Pt, Ts >0 2
Bone cysts (CYST) 0e3 T, F, Pt, Ts >0 2
T¼ tibia medial/lateral anterior/central and posterior. F¼ femur
medial/lateral anterior/central and posterior. Pt¼ patella medial
and lateral. Ts¼ tibial subspinous.
Table II







Age (SD) 59.2 (7.6) 59.3 (7.9) 0.93
Female (%) 22 (67%) 67 (55%) 0.23
White (%) 30 (91%) 103 (84%) 0.34
BMI kg/m2 (SD)
Women 26.9 (4.7) 28.4 (4.7) 0.20
Men 28.7 (3.4) 29.0 (3.5) 0.43
Knees
n¼ 36 n¼ 128
Reported previous injury 5 (14%) 22 (17%) 0.63
Baseline total WOMAC >0 29 (81%) 98 (77%) 0.62
Baseline WOMAC (pain) >0 17 (47%) 47 (37%) 0.25
Baseline WOMAC (stiffness) >0 17 (47%) 50 (39%) 0.38
Change in total WOMACy 18.4 (14.5) 1.8 (9.9) <0.001
Change in pain WOMACy
Mean (SD) shown.
yFrom baseline to 15 months.
zCase deﬁned by incident FKS OA at 15 months.
325Osteoarthritis and Cartilage Vol. 18, No. 3contributed both knees to the analysis so we used generalized estimating
equations (GEE) to take into account the clustering by person. Differences
in the presence and subregion location of MRI ﬁndings between cases and
controls were evaluated using marginal logistic models. We compared the
total number of subregions in the whole knee with MRI ﬁndings of each an
ordinal outcome for cartilage, subchondral cysts and BMLs and as a contin-
uous outcome for OST.
For non-parametric distributions medians and inter-quartile ranges (IQR)
are given. Models were adjusted for age, gender, race, BMI, reported previ-
ous injury, baseline WOMAC pain score and clinic site. All statistical tests
were two-tailed and were calculated using Stata for Windows, version 10.0
(Statacorp, TX, USA).
As the number of cases was modest, we tested the stability of the multi-
variate regression model estimates and standard errors using a bootstrap
analysis with 1000 replications as part of a sensitivity analysis. In addition,
to account for the original sampling method we repeated the models using
adjusted sampling weights.Results
164 knees (155 participants) were included that at base-
line had neither FKS nor radiographic features of OA. 36 of
these knees went on to develop consistent FKS at 15
months (cases) and 128 remained without consistent FKS
(controls). The baseline characteristics of the participants
are shown in Table II. At baseline 53% of cases and 63%
of control knees had WOMAC pain scores of zero
(P¼ 0.25). As anticipated, case knees had substantially
greater increases in WOMAC pain scores from baseline
to 15 months. There was no difference in reported injury
in cases vs controls (P¼ 0.6).Fig. 2. MOST OrthOne MRIs of the knee illustrating grades 1, 2 and 3 BM
bone marrow lesion in the medial spine of the intercondylar eminence in
bone marrow lesion (arrows) in the TS region directly adjacent to the tibia
Large grade 3 bone marrow lesion in the TS region. BML extends into the
large BML central medialPRE-RADIOGRAPHIC MRI FEATURES AND PREDICTORS OF
THE ONSET OF FKS AT 15-MONTH FOLLOW-UPAlthough these knees had no radiographic features of
knee OA, MRI evidence of abnormalities or damage to artic-
ular tissues was common in the whole knee and in each
compartment (Table III). In case and control knees com-
bined (data not shown in tables), CARTs were more com-
mon in the PFJ (P< 0.001) than in other compartments,
OST more common in the MTFJ (P< 0.001) than any other
compartments and BMLs were more common in the tibial
subspinous (TS) and PFJ (P< 0.001).
When we compared the presence of MRI lesions in the
whole knee between cases and controls, the presence of
only a few features differed between cases and controls:
a severe CART OR 3.46 (1.2e10.3), a severe OST [OR
4.7 (1.3e18)] and the presence of any grade of BML [OR
2.8 (1.2, 6.5)] (Table III). Subchondral cysts did not differ
signiﬁcantly between cases and controls (P> 0.1) in anyLs at the TS subregion. (a) Coronal STIR image. WORMS grade 1
the TS region (arrows). (b) Coronal STIR image. WORMS grade 2
l insertion of the anterior cruciate ligament. (c) Coronal STIR image.
central subregions of the medial and lateral tibia (arrows). Note also
femur (arrowheads).
Table III
Frequency of any or severe articular damage on MRI at baseline in incident frequent knee pain cases (n¼ 36) and controls (n¼ 122), in the
whole knee, knee compartments and TS region
Knees CART OST BML CYST
Case Control Case Control Case Control Case Control
n % n % n % n % n % n % n % n %
Whole knee*
Anyy 29 80.6% 86 67.2% 36 100.0% 127 99.2% 27x 75.0% 70 54.7% 12 33.3% 31 24.2%
Severez 8x 22.2% 11 8.6% 5x 13.9% 5 3.9% 11x 30.6% 20 15.6% 1 2.8% 2 1.6%
Compartments
Medial TeF
Anyy 18 50.0% 53 41.4% 36 100.0% 121 94.5% 8 22.2% 33 25.8% 3 8.3% 14 10.9%
Severez 1 2.8% 1 0.8% 2 5.6% 4 3.1% 2 5.6% 7 5.5% 1 2.8% 1 0.8%
Lateral TeF
Anyy 11 30.6% 35 27.3% 29 80.6% 89 69.5% 10x 27.8% 18 14.1% 3 8.3% 4 3.1%
Severez 3x 8.3% 1 0.8% 2 5.6% 0 0.0% 3 8.3% 4 3.1% 0 0.0% 0 0.0%
Patelofemoral
Anyy 21 58.3% 51 39.8% 32 88.9% 113 88.3% 16k 44.4% 27 21.1% 4 11.1% 3 2.3%
Severez 5 13.9% 9 7.0% 1 2.8% 2 1.6% 5 13.9% 7 5.5% 1 2.8% 0 0.0%
Other location
TS
Anyy 10x 27.8% 17 13.3% 6 16.7% 15 11.7%
Severez 4x 11.1% 4 3.1% 0 0.0% 1 0.8%
*Whole knee joint.
yKnees or compartments with any feature damage.
zKnee or compartments with severe feature damage.
xFrom marginal logistic model adjusted for age, gender, race, BMI and clinic site comparing cases vs control knees: P< 0.05.
kP< 0.01.
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whole knee with any or severe damage for each feature,
an indicator of the extent of abnormality, is shown in
Table IV. The number of subregions affected with CARTs,
BMLs and any OST size was signiﬁcantly higher in cases
than controls.
By location, ﬁndings in two speciﬁc subregions were
more common in cases than controls: in the TS subregion
[any BML (P¼ 0.04) and a severe BML (P¼ 0.02)]
(Table III) and a severe BML in the lateral patella (cases
18.9%, controls 6.6%, P¼ 0.040). The multivariate logisticTable I
Number of subregions having any or severe dama
Type of MRI damage CART OST
Case Control Case Co
Any Sev* Any Sev* Any Sev* Any
No. of affected subregions
0 19% 78% 33% 92% e 86% 1%
1 25% 14% 20% 9% e 14% 4%
2 22% 8% 21% e 6% e 9%
3 19% e 14% e 17% e 18%
4 3% e 8% e 8% e 16%
5 6% e 4% e 6% e 8%
6 3% e e e 11% e 9%
7 e e e e 8% e 13%
8 e e e e 28% e 7%
9e12 3% e e e 17% e 15%
P valuey 0.05 0.01 0.02 0.06
*Severe feature damage (cartilage> 4, OST >3, BML> 1 and subcho
ySigniﬁcance from marginal ordinal model with caseecontrol as outcommodel adjusted for age, ethnicity, BMI, gender and baseline
WOMAC pain score is shown in Table V. As the subspinous
region is the insertion site for the anterior cruciate ligament
(ACL), we compared the prevalence of ACL damage as
measured by WORMS in cases and controls. Only six
knees (three case knees) had detectable ACL damage us-
ing WORMS and after adding baseline ACL status to the
model, baseline severe BML still predicted 15-month case
status [OR 4.9 (1.0e24.5)]. The OR estimates for a severe
BML at the TS region remained similar but were no longer
statistically signiﬁcant [OR 5.6 (0.75e41.92), P¼ 0.053]V
ge in cases (n¼ 36) and controls (n¼ 122)
BML CYST
ntrol Case Control Case Control
Sev* Any Sev* Any Sev* Any Sev* Any Sev*
96% 25% 69% 44\5% 84% 67% 97% 76% 98%
3% 36% 22% 34% 13% 22% e 20% 2%
1% 25% 6% 16% 3% 6% 3% 3% e
e 11% 3% 3% e 6% e e e
e 3% e 2% e e e 1% e
e e e e e e e e e
e e e e e e e e e
e e e e e e e e e
e e e e e e e e e
e e e e e e e e e
0.01 0.03 0.09 0.24
ndral cyst> 1).
e adjusted for age, gender, race, BMI and clinic site for any damage.
Table V
Presence of a BML at the TS subregion predicts incident FKS at
15 months
Variable (units) OR 95% CI
Severe BML lesion
present at TS region*
6.7 (1.3e34.0)
Age (years) 1.0 (1.0e1.0)
Race (white vs non-white) 0.4 (0.1e1.7)
BMI (kg/m2) 0.9 (0.8e1.0)
Gender (female vs male) 0.7 (0.3e1.5)
Baseline WOMAC pain score 1.0 (1.0e1.0)
N 164
OR and 95% conﬁdence interval (CI) shown for multivariate mar-
ginal logistic with bootstrap estimates for SE. Also adjusted for
clinic site.
*Severe (grades 2, 3) vs non-severe (grade 0, 1) BML.
327Osteoarthritis and Cartilage Vol. 18, No. 3when we repeated the models using weights to account for
the original sampling method and bootstrapping.Discussion
In this study of knees at risk for knee OA with little or no
pain and without radiographic OST or JSN at baseline,
while MRI features of OA such as OST, cartilage damage
and BMLs were common, we found few MRI features which
predicted the development of frequent knee pain 15 months
later. Knees with baseline MRI ﬁndings of BMLs, and in
particular BMLs in the PFJ and the TS region, were more
likely to develop frequent symptoms, as were knees with
patellar OST.
Our ﬁndings contrast with those of Karachalios et al. who
obtained knee MRIs in a consecutive sample of patients
with signiﬁcant knee pain and doubtful or minimal radio-
graphic ﬁndings at the tibio-femoral and PFJ18. They found
a low prevalence of OST and CARTs and no BMLs. The dif-
ferent results between the two studies may be due to differ-
ences patient inclusion as MOST participants had risk
factors for OA. Ding et al. examined a sample of 372
healthy community controls and offspring of patients who
had undergone total knee arthroplasty for OA, and found
that 74% of knees with CARTs did not have radiographic
changes, deﬁned using the Altman atlas16 in the tibio-fem-
oral compartments19. However, the PFJ was not imaged
by radiographs in this study.
In many epidemiological studies of knee OA, subjects
have been classiﬁed for the presence or absence of
disease using radiographic criteria. In this study, the vast
majority of participants with risk factors for knee OA, but
without any radiographic structural damage as measured
using standard views, had MRI detected CARTs, OST,
BMLs and/or subchondral cysts. A few of these MRI ﬁnd-
ings were associated with the onset of frequent symptoms
within 15 months, suggesting that these abnormalities rep-
resent structural features of early knee OA and that studies
based on radiographic criteria alone may entail substantial
misclassiﬁcation of disease status. Deﬁnitions of early
knee OA based on pathology detected on MRI plus clinical
characteristics remain to be developed and validated. This
should be a priority for future investigation20.
Previous literature has focused on the presence of BMLs
and their association with clinical outcomes9,21. However
there are few data examining the location of the BML; in
this study, a BML grade >0 in the TS region was associated
with the onset of knee pain. The subspinous region is a nonweight-bearing site that is not considered part of the MTFJ
or LTFJ. The subspinous region is instead exposed to
stresses from the anterior and posterior cruciate ligaments.
As BMLs have been proposed to correlate with bone load-
ing22, a BML in the subspinous region is likely to reﬂect
abnormal cruciate ligament strain23. A second less common
type of subspinous BML is the result of extension of BMLs
from the medial or lateral compartments in the subspinous
subregion. This latter type of BML has been associated
with subsequent medial compartment cartilage loss23. The
ﬁndings at the TS region suggest a hypothesis that abnor-
mal loading of the cruciate ligaments, with tensional forces
on the subchondral bone, identiﬁes those at risk of develop-
ing signiﬁcant knee symptoms.
In cross-sectional surveys of knee pain, radiographic OA
of the PFJ is common and, independent of tibio-femoral dis-
ease, and is associated with disability24,25. The presence of
PFJ BMLs was one of the few MRI features associated with
prevalent knee pain26. Our study supports the hypothesis
that ascertainment of patello-femoral disease is substan-
tially underestimated by radiographic techniques. Further-
more, the association between damage to the patella with
the subsequent onset of knee symptoms suggests that
MRI detected damage in the PFJ is of clinical importance.
Our study has several limitations. By design, MOST as-
sessed the development of FKS, a patient-centred outcome
encompassing pain, aching and stiffness27,28. Despite this
focus of MOST, a major limitation of this analysis is the
small number of radiographically normal knees without fre-
quent symptoms at baseline that developed frequent symp-
toms at follow-up. In addition, this was an exploratory
analysis evaluating associations with a large number of
structural features of OA and P-values were not corrected
for multiple analyses: these results require replication in fu-
ture studies29. Knee OA has a generally slow course in its
early stages, with symptoms that vary considerably over
time before becoming more persistent and severe30. Longer
follow-up is needed to fully evaluate the importance of these
early OA ﬁndings on MRI for long-term clinical outcomes,
such as the development of persistent pain. We used the
PA projection radiograph to replicate current clinical prac-
tice for the TFJ and the lateral projection for the PFJ to iden-
tify knees without any radiographic features of OA. The
lateral projection was also graded for TFJ JSN and OST for-
mation, but as this is not a standard assessment we did not
use these ﬁndings to deﬁne the presence of radiographic
OA. However, neither femoral OST nor TFJ JSN were pres-
ent on the lateral view for any of the knees we included in
this analysis. Anterior tibial OST were found in one control
knee and posterior tibial OST were found in one control
and three case knees from the lateral view. As a sensitivity
analysis, excluding these knees did not alter the ﬁndings of
the study. As only complete ACL tears are measured using
WORMS, we were unable to exclude an effect of partial
ACL tears on incident symptoms. We did not exclude re-
ferred pain from the ipsilateral hip or lumbar spine. How-
ever, this would bias the estimates for the association
between knee pain and knee damage towards the null.
Some of the knees we studied already had mild or infre-
quent symptoms at baseline. As with most measures of dis-
ease onset, onset of knee symptoms requires deﬁning
a threshold that must be crossed to reach the endpoint. In
this study, we considered consistent FKS (on most days
of a month at two time points about a month apart) to be
the threshold for clinically important symptoms. Knees
with incident symptoms had substantially greater increases
in WOMAC symptom scores than controls knees, indicating
328 M. K. Javaid et al.: Pre-radiographic MRI ﬁndings associated with onset of knee symptomsa high degree of consistency between our pain endpoint
and changes on this validated pain instrument. In addition,
we adjusted for baseline WOMAC knee pain scores and
this did not affect our results.
In this cohort at high risk for knee OA, we found a high
frequency of tissue damage, as detected by MRI, in knees
with minimal or no symptoms and without any radiographic
features of OA. Several speciﬁc MRI lesions predicted on-
set of clinically signiﬁcant symptoms at 15 months, giving
potential insights into the early structural determinants of
pain in knee OA. Given the small numbers of knees studied,
these ﬁndings require replication in larger studies.Conﬂict of interest
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